Background/Aims: The pathogenesis of bone loss in patients with inflammatory bowel disease (IBD) is complex, multifactorial, and only partly understood. We aimed to examine the extent and risk factors of bone mass reduction and to analyze the impact of early onset of a disease before attaining peak bone mass in IBD patients. Methods: We compared the risk factors for osteoporosis and BMD at the lumbar spine and the hip bone in IBD patients. Results: A total of 44 patients with IBD were enrolled. Twenty-one and 23 patients were diagnosed as IBD before and after the age of 30 and designated as group A and group B, respectively. Group A had significant bone mass reduction at the lumbar spine than group B (BMD, 1.01±0.10 vs. 1.14±0.17, p<0.01; T-score, -1.22±0.84 vs. -0.08±1.39, p<0.01; Z-score, -1.11±0.81 vs. -0.03±1.32, p<0.01, respectively). Multivariate analysis showed that patients diagnosed as IBD before the age of 30 had possible risk factor of bone mass reduction (hazard ratio, 3.96; p=0.06). Conclusions: Bone mass reduction was more severe in patients who were diagnosed with IBD before the age of 30 than in those diagnosed after the age of 30.
INTRODUCTION
Patients with inflammatory bowel disease (IBD) have an increased risk for loss of bone mass. Osteoporosis is characterized by low bone mineral density (BMD) and deteriorated microarchitecture of the bone tissue. The pathophysiology of IBD-related osteoporosis is presumably multifactorial and not fully understood; 1 treatment, systemic effects of chronic inflammation, calcium and vitamin D deficiencies, and malnutrition are known to be involved. 3 Recent data have indicated that osteopenia associated with Crohn's disease (CD) correlates with the basic pathology of CD rather than malabsorption or complications of steroid treatment. 4, 5 Low BMD in a premenopausal woman may result from attaining peak bone mass that is below average due to genetic predisposition, illnesses or medications that negatively impact bone density accrual. Population-based, cross-sectional studies suggest that women attain peak bone mass at the proximal femur in their 20s and at the spine and forearm around the age of 30. 6, 7 The aims of this study were to examine the extent and risk factors of bone mass reduction and to analyze the impact of early onset of a disease before attaining peak bone mass in IBD 
MATERIALS AND METHODS

Patients
From September 2010 through November 2010, we enrolled patients with IBD, aged between 18 and 70 years, who visited Soonchunhyang University Bucheon Hospital. The diagnosis of IBD had been confirmed on clinical, endoscopic, radiologic, and histologic examinations. Patients with colectomy, menopausal state, diabetes mellitus, thyroid disease, parathyroid disease, chronic liver disease, chronic kidney disease (CrCl <50 mm/min), sexual dysfunction, history of femur fracture, metabolic bone disease (including hypercalcemia or hypocalcemia), or a history of vitamin D supplement, sex hormone, or previous bisphosphonate treatment were excluded. Fortynine patients with IBD participated; five were excluded, and a total of 44 patients were enrolled in this study. The main demographic data, major points of the clinical history (sex, age, age at diagnosis, disease activity, hospitalization, localization, duration of the disease, surgery, drug use, and treatment), and risk factors for osteoporosis (body mass index, menopausal state, smoking, previous bone fracture, and calcium intake) were assessed by interviews and from medical records. Clinical and laboratory data were compared between two groups that were divided by the age of 30, when the bone mass is peaked. For the comparison of BMD, age-and sex-matched 110 controls without IBD were enrolled.
BMD
The measurement sites were the lumbar vertebrae from L1 to L4 in the spine and the hip (femoral neck and total hip). The BMD measurements were made by one trained person using dual-energy X-ray absorptiometry equipment (PRODIGY; GE Lunar Co., Milwaukee, WI, USA). Bone density was expressed as BMD (g/cm 2 ), Z-score (the number of standard deviations [SD] from the mean of gender-and age-matched controls), and T-score (the number of SD from the mean of healthy young adults who have attained peak bone mass). Dichotomizing the Z-score, a cutoff value of ≤-1 SD was defined as reduced bone mass and ≤-2 SD as severely reduced bone mass. X-ray of the lumbar spine was performed in all patients, and the images were evaluated by a trained radiologist.
Biochemistry
Calcium, phosphorus, intact parathyroid hormone (i-PTH), 25(OH)-vitamin D3, and biochemical markers (osteocalcin [OC] , deoxypyridinoline) were measured to assess changes in bone metabolism; these examinations were performed on the same occasion as the BMD test after 12 hours of fasting. Also, a urine deoxypyridinoline test was performed using the first voided morning urine specimen. Calcium and phosphorus were measured by standard Technicon AutoAnalyzer methods. Serum i-PTH and OC were measured by an electrochemiluminescent immunoassay, serum 25(OH)-vitamin D3 was measured using a chemiluminescent immunoassay, and urine deoxypyridinoline was measured via a radioimmunoassay. We defined 25(OH)-vitamin D3 levels <10 ng/mL as representing vitamin D deficiency, those between 10 and 30 ng/mL as vitamin D insufficiency, and those >30 ng/mL as vitamin D sufficiency. The upper limit of OC was 31.9 ng/mL in premenopausal females and 37.0 ng/mL in males. The normal urine deoxypyridinoline concentration in the serum was 2.5 to 6.5 nM/mmol.
Dietary calcium intake
Dietary calcium intake was assessed by an experienced dietician using the recall method.
Statistical analysis
Statistical analysis was performed using SPSS software version 14.0 (SPSS Inc., Chicago, IL, USA). Continuous variables were compared using Student' s t-test and categorical variables were compared using chi-square or Fisher's exact test between the two groups. To predict independent risk factors of BMD reduction, multivariate analysis by logistic regression was used. For all tests, a p<0.05 was considered statistically significant.
RESULTS
Patient characteristics
Forty-four patients with IBD were enrolled in this study. These patients were divided into two groups according to their age at diagnosis. Twenty-one and 23 patients were diagnosed as IBD before and after the age of 30 and designated as group A and B, respectively. Group A had significantly longer hospitalization time than group B (27.5±36.7 days in group A, 6.8±8.8 days in group B; p=0.02). There was no significant difference in calcium intake between the two groups (555.6± 308.1 mg in group A, 580.4±232.0 mg in group B; p=0.18). Group A had significantly higher level of 25(OH)-vitamin D3 than group B (15.2±6.4 ng/mL in group A, 12.0±4.7 ng/mL in group B; p=0.03). Eighteen (40.9%) of 44 patients had vitamin D deficiency and the remaining 26 patients (59.1%) had vitamin D insufficiency. No significant differences existed between group A and group B in disease duration, total duration of steroid, cumulative steroid dose, C-reactive protein (CRP), smoking, and alcohol, serum calcium, phosphorus, and i-PTH level (Table 1) . No patients had any bone fractures.
BMDs between patients with IBD and age-and sex-matched controls without IBD
In comparison with age-and sex-matched controls, group A showed statistically significant difference in BMD, T-score, Z-score at spine L1-4 (1.01±0.10 vs. 1.12±0.14, p=0.01; -1.22± 0.84 vs. -0.22±1.19, p<0.01; -1.11±0.81 vs. -0.42±1.12, p=0.02, respectively). However there was no significant difference in bone mass reduction at other bones. In comparison with ageand sex-matched controls, group B showed no significant difference in BMD, T-score, Z-score at any site measured (Table 2) .
Risk factors of bone mass reduction in patients with IBD
Nineteen (43.2%) of patients with IBD had reduced bone mass (Z-score ≤-1). Fifteen patients had moderately reduced bone mass (-2 SD<Z-score≤-1 SD), and four patients had severely reduced bone mass (Z-score ≤-2 SD). Two of the patients with reduced bone mass were diagnosed with osteoporosis, as their T-scores were below -2.5 SD. No significant differences in clinical and biochemical bone markers were observed between patients with reduced bone mass (Z-score ≤-1 SD) and those with normal bone mass ( Table 3) . No statistically significant difference in bone density was found between patients with UC and those with CD at any site measured (Table 4). Of the 44 patients, 35 patients were taking or had taken corticosteroids and nine patients had never taken steroids. BMD, T-score, and Z-score at the spine were significantly higher in the patients who never used steroids (1.22±0. 16 Group B patients who diagnosed as IBD after age of 30. there was no statistical significance (Table 7) .
DISCUSSION
The incidence of IBD has been rising not only in Western countries, but also in Asia. 8 IBD is a chronic relapsing and remitting inflammatory disorder of the bowel. Osteoporosis is an established complication in patients with IBD, and the clinical consequence of osteoporosis is increased risk of fracture.
Most of the early studies show cumulative epidemiologic data. [9] [10] [11] Osteoporosis and low bone mass has been found in as many as 30.6% of 75 unselected IBD cases. 9 Also, the rate of osteoporosis defined by a T-score of below -2.5 was 15% in a very similar IBD population. 12 Further uncontrolled studies have reported a prevalence of osteoporosis in CD patients as low as 12%, 13, 14 but that of osteoporosis was estimated to be as high as 18% to 42% in unselected cohorts. 15, 16 Also, similar to Group B patients who diagnosed as IBD after age of 30. other early studies on prevalence, our study showed that 19 (43%) of 44 patients have low bone mass. Two (10.5%) of the patients with reduced bone mass were diagnosed with osteoporosis, as their T-scores were below -2.5 SD. Because most of our patients were diagnosed within the last 10 years, the period of illness was shorter than the Western patients. The pathogenesis of osteoporosis in patients with IBD is unclear and most likely multifactorial. Several factors including age, steroids use, chronic inflammation, malnutrition, vitamin D, and calcium deficiencies, and immobilization have important effects. 17 Chronic inflammatory state leads to increased intestinal cytokines (e.g., interleukin-1 and -6, tumor necrosis factor) that stimulate bone resorption. 2, 4, 17 Steroids cause bone loss by inhibiting bone formation, increasing bone resorption, decreasing intestinal absorption of calcium, and increasing renal excretion of calcium. In the past, steroid use was considered a major cause of osteoporosis in patients with IBD. 18 More recently, the inflammatory process itself has been suggested to play a pivotal role in IBD-associated bone loss. [19] [20] [21] However, it is difficult to distinguish the adverse skeletal effect of steroids from those of disease-related inflammatory activity because the two factors are often linked. 17 In our study, three of nine patients who were not administrated steroids had decreased BMD (Z-score ≤-1 SD). The result of this study revealed that patients with current or past use of steroids had significantly lower BMD at the spine than patients who never used steroids. Although cumulative steroid dose was not a significant risk factor in the multivariate analysis, we think that steroid use may be one of causes of BMD reduction.
Vitamin D deficiency is not only a consequence but also a cause of inflammatory processes leading to bone loss. Studies investigating vitamin D status in patients with IBD have had conflicting results. 16, [22] [23] [24] [25] [26] In this study, all of 44 patients had vitamin D deficiency or insufficiency status. The levels of 25 (OH)-vitamin D3 were 15.2±6.4 ng/mL in group A and 12.0± 4.7 ng/mL in group B (p=0.03). However, vitamin D deficiency was not a significant risk factor of BMD reduction in patients with IBD in the multivariate analysis.
Peak bone mass can be defined as the maximal BMD that has been accrued during growth and development. The precise age at which peak BMD is acquired is still unknown and may be site-dependent. Maximal bone density is generally accepted to be present during the third to fourth decade of life. 27 Because peak bone mass is usually achieved during the third to fourth decade of life, retardation of growth and skeletal maturation are common in children with IBD.
28-31 Therefore, we divided enrolled patients into two groups by the age of 30 when the peak bone mass is achieved (group A patients who were diagnosed as IBD before the age of 30; group B patients who were diagnosed as IBD after the age of 30). In our study, group A had lower BMD than group B, although patients had IBD during similar period. The results of our study also showed that BMD reduction was observed mainly in the lumbar spine. However, there was no significant difference in BMD reduction between UC and CD.
This study had some limitations: 1) The sample size of patients with IBD was too small to reach a sufficient conclusion and to confirm the present results. 2) There was no sufficient evaluation for various risk factors associated with bone mass reduction such as calcium and vitamin D intake, malnutrition, smoking, alcohol use, physical activity, and inflammatory cytokines.
In conclusion, bone mass reduction in patients with IBD occurred mainly in the lumbar spine. Although we could not find a significant difference, reduction of bone mass was more severe in patients who were diagnosed as IBD before the age of 30 than those who were diagnosed as IBD after the age of 30. Therefore, bone mass reduction should be monitored closely in patients who were diagnosed as IBD before the age 30, and other rescue medications that can substitute steroids are needed for these patients.
